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encrgy zxmtcr than 3 Xcv provide a r:lethod of i cvcs t iga t ing  long-livc?d solar 

plasma strems. On two occrrsions (27 OctoScr and 1 DccLmbcr 1361) tiil O>~CTVE,! 

an increase of rhc i n t e n s i t y  of thcso particles.  The incrcnses were un:?ccox- 

pnnfcd by D s o h r  f l a r e  but occutrcd at t h e  bczinnine of a naznetic storn and 

Forbush decreacc necr the tinie of cen t r a l  meridian passrz:@ 05 a region re- 

sponsible for a flare ard a solar proton cvcrit during t h e  prcv laus  solar 

ro t a t ion .  

detected w i t h  riometers. Ch~prnsn =?a Fcrraro have shorn tha t  a stream of I 

1 

I 1 These incrcsscs wcrc very s m l l  m d  probably could zo t  have been 

1 

n e u t r a l  plasm enitted frorn thc fran could c m ~ e  azgnctic storms. The re- 

currence o€  small magnetic stoms over rmny 27-day cycles of solar r o t a t i o n  

l ed  i3artels 2 t o  postulate thst such strems were continuously Lmittcd from 

lonplived rcgions on t h e  sun w h i c h  hc cal ied  M rczfons. X c c ~ n t  1:ztriner II 

u?c3surcmcnts3 have shoim t h e  exis tence of solar p l a s m  with il 27-ciiy s t ruc tu re .  

Exp lo re r  X I 1  by our de tec to r s ,  the intcnr;i ty increases of thcsc 7 3 bfev 

protons r equ i r e  s t r e a x  oE plasna o:iJ n q p e t i c  fields to carry the protons _ .  - 
f r o 3  thc v i c i n i t y  of the sun or t o  accelersca t h m  Locally or t o  trap i n t e r -  

plznerriry solar protons rma i i i i ng  from n privious solar event. 
I 

IJe fcel 

t h a t  the presence of protons of a f e ~ , ~  ?Icv i n  the  plasma does cot inply 
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i z t c c s i t y  csd thc Geophysical d i s t ~ ' 5 m c e s  had subsided 5y a'out 7 Cctobcr . 
Tzc proton intens i ty  renaincd at its n o r m 1  quiet-tins V Z ~ U J  Eron 7 U c t o b c ~  

until 27 October &en there vas asain an increase in the protoa i n t n - s i t y  

eccmpaald by a Forks5 dccrezse anc! eamagnctic stoms. (Tablc 1 

~ u z i ~ r i z c s  these events .) 

Tila fcfensity incrcsss on 27 G'ctobcr is unlike a solcr proton event: 

it is not ir;VIl4Lately preceded by a sol2.r disturbance and the t b o  constnits 

of rise and dcccy are only D feu hours. rur:Der, the arrival tims 3re not 



a function of pro t  ity Gin 
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e the  s!z:ip s o f  t h e  d i f f e r e n t i a l  k i n e t i c  

energy spectra a t  onse t  and a t  rnaxi~~m in tens i ty  are neariy the E G ~ ,  both 

having a power-law exponent between -4 and -5 i n  t h e  range 3 t o  10 &!Gv. 

suggest t h a t  the act ive  rcg.ton of the o m  raoponslbta for tha 28 September 

f l a r e  was the o r i g i n  of a long-lived plasma stream t h a t  we encountered on 

27 October, a full r o t a t i o n  of tho sun after 30 September. If t h e  continuous 

mission of t h i s  long-lived stream began during t h e  active l i f e  of the region 

e i t h e r  on or before 28 September, t h e  7 3  Mev proton i n t e n s i t y  increase  on 

30 September was also caused by an encounter with t h a t  stream, but t o  asc r ibe  

t h e  30 Scpteinber and 27 October proton increases t o  an i d e n t i c a l  phenoncnon 

We 

may be nn over-simplification, s ince  t h e  earlier event may hare  been a r e s u l t  

of a d i f f e r e n t  and t r a n s i e n t  phenonenon (such as the shock wave postulated by 

Parker 

of 23 September. 

region stopped emitting p1as:na since neither our recorda nor geo?hysical obsex- 

vations oliow an went  27 d.qs f a t a r  i n  November. 

5 6 
o r  t h e  magnetic bottle p o s t u b t o d  by Gold ) caused by the s o l a r  a c t i v i t y  

5urLng t h e  r o t a t i o n  of the sun following Cctober 27, &a 

It seems lilcely t h a t  our observations of 27 October are c lose ly  r e l a t e d  

7,8 t o  t h e  phenomenon of R-rays as proposed by Mustel 

R-rays which are t h i n  and filamentary extensions of t h e  ou te r  corona above 

a c t i v i t y  cen te r s  t o  be responoible Lor recurrent magnetic 6torns.  

is a schcnat ic  drawing made by l!&tel showing these  R-rays. 

s t r u c t u r e  i n  t h e  proton i n t e n s i t y  increase on 27 October may have been 8 

direct conscquenca of t h e  f i l m e n t n r y  s t r u c t u r e  of t h e  rays. 

. KGstel considers 

Figure 2 

The f i n e  

The second of the tvo events we wish t o  mention occurred on 1 Decembcr 

1941. It is  s imi l a r  t o  t h a t  of 27 October and the r e l evan t  sequence of events 

is also outlined i n  Table 1. On 10 Xovember 1961 a flare ncconpanicd by 
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type IV axlss ion  occurred on tho  extreme wcsr l i m b  of the sun ami Fnitintcd 

a solar proton evcnt which was obscrved by Explorer XII. 

Porbush dacrcntie or  

three-day plasma transit t h e  from tho  sun to  t h e  earth.  

on 1 Deccnber 1961, after 314 of a solar ro t a t ion ,  t h e r e  was a Forbush decrease,  

a magnetic storm and a > 3 Mev proton event similar t o  tha t  of 27 October 

lnd ica t lng  t h e  arrival of a s o l a r  plasma stream. 

of 1 December closoly coincided with the  central merfdian passago of the 

No magnetic stom, 

> 3 Mev proton incrcaoa was 5626x1 after the usual ona-to 

Three weeks later 

The occurrence of t h a  e m n t  

active region which produced the f l a r e  on 10 hovcmbar. 

8ubs tnnt ia tos  the p i c t u r e  of a long-lived pbsrna stream emanating fro3 an 

active rezion of tho  sun but i n  this case the timing was d i f f e r e n t  owing t o  

the d i f f e r e n t  poeitfon of the parent flare on the sun. 

This event q a i n  

i 
/ 
I 
? 

I' ', 
; ;  

c 
* I  

There is another occurrence which could be t h e  same phenomenon. On 7 

September 1961 a s o l a r  proton event having an anomalously a1o:J i n t e n s i t y  decay 

was observed by Explorer X U ,  t ho  d e t a i l s  of which w i l l  be r a p r t c d  i n  a later 

paper. There was no observation at t h a t  time of a large flare or of S p a  N 

emission which can d e f i n i t e l y  be associated w i t h  t h i s  event and t n c r e  was no 

geophysical disturbance two days l a t e r .  

there was a m a l l  increase  of t h e  i n t e n s i t y  of 

spectrum t o  those of 27 October and L Decmbar and unocconrpanied by ip flare. 

We specu la t e  from these observations t h a t  the flare responsible for t h e  solar 

proton event of 7 Septcmber occurred on the ranote side of tha sun a d  that 

the  i nc rease  on 16 Septcnbcr was tlts same phenomenon LIE that observed on 27 

October and 1 Deccmbcr. 

Eleven days I n t e r  on 18 September 

7 3 Efev protons similar i n  



Solar Flare: 
'fine: 2202 UT, 20 Septmbcr 1961 
Type N Rr4i.o Exfssion 2214 UT 
Location:-- -i%, 2 9 O  E 

(class 3 or 9) 

Forbush Decrczse: 
Duration: 23 Oct. t o  1 Nov. 
Maximum Pmplitude: 

Forbush Decrease: 
Duratfon: 30 S e p t .  to  =Z 5 Oct. 
Maxinun Amp 1 i tud e : 

Explorer X I I :  8% 
Deep River: 5% 

Forbush Decrease: 
Drtration: 1 Dcc. to  4 Dec. 
Maxinun1 h p l i t u d a :  

Gecnngnctic Storm: 
Duration: 30 Sept. to rq: 6 Oct. 

. 3  :.I:% ~ o t o n e  at Explorer XII: 
O n s e t  T h e :  between 26 orid 27 Oct. 
~ta:r. Lztcnsity: 2 x i ~ s / ~ ~  s st 

SC: 2108 UT, 30 Septmber 
Main Phase: 170 gamzt 

7 3 Hcv Protonc at EqLorer XIX: 
Onset t h e :  before 0300 UT 1 Dcc. 
Max. Intensity: > 1.6 x LO /m s €it 3 2  

> 3 Mcv Protons at Explorer XII: 
Onset T h e :  1930 UT, 20 September 

Solar Flare: (class > 1) 
Time: 1435 UT, 10 Hovember I961 
G p e  IV Radio k i s s i o n  1440 UT 
Location: 19' N, goo tl 

(No effects of two days delay) 

Recurrence Phenomena Associated wtth Above Events 
t l  

c Geoslnznctic Storms: 
Duration: 2G to 27 October 
SC: 1340 UT 26 October 
Kain Phzsc: 70 g m a  
Duration: 23 ~ c t .  to 1 Nov. 
SC: 0320 UT, 28 October 
Nain Phase: 250 6- I 

Geomagnetic Storm: 
Duration: 1 Dcc. t o  ZZ 4 Dec. 



Fig. 1. In tens i ty  of > 3 El?sv protons betwean 30 September and 28 October 

1961: (Note t h a t  t h e  t h e  sca l e s  before and a f t e r  t h e  pariod 

during which the i n t e n s i t y  remained at a quiet-time value are  

d i f f e r e n t )  . 
8 Fig ,  2. Schcmatic drawing of R-rays a f t e r  M&tel . 
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